Introduction
Results Mesoderm formation in Xenopus has been analyzed more fully than any other example of early gene activa-
Eomesodermin and Its Sequence Composition
Eomesodermin was discovered by a differential screening tion in Vertebrate development. Over 30 genes have now been identified whose first expression is exclusively or of a subtracted cDNA library for clones specifically expressed in Xenopus gastrula embryos as judged by Northpredominantly in the mesoderm during late blastula and early gastrula stages (Smith, 1993; Dawid, 1994) . All of ern blotting. Subtractive hybridization was used to construct a cDNA library enriched for clones representing these genes encode transcription factors or secreted signaling proteins, and their patterns of expression are mRNAs present in early gastrula embryos (N. G. and P. Lemaire, unpublished data). The stage 10.5 cDNA library predominantly overlapping but nevertheless distinct. However, only recently is progress being made in dehad been subtracted with egg RNA, such that the abundance of the mesodermal genes tested was enriched 10-termining the extent to which these genes promote or inhibit each other's expression and hence in working out to 30-fold (Lemaire et al., 1993) . cDNA clones were randomly selected from the library and used individually to a cascade of gene activations that generate patterning within the mesoderm and that ultimately lead to the determine, by Northern analysis of RNA, the time and region of expression of the genes to which the cDNAs differentiation of the mesoderm into notochord, muscle, and many other cell types.
correspond. Of 120 such clones, two were expressed in the equatorial region of early gastrulae. One of these was It has been known for several decades that, in Xenopus, named Eomesodermin (⌭, Greek for dawn, indicating the entry of sperm causes the appearance of the "gray crescent" at a point on the opposite side of the egg to its early expression). The cDNA sequence of Eomesodermin shown in Figure  sperm entry but always on the equator (Pasteels, 1964; Brachet, 1977) . This is related to a cortical rotation about 1A is 2900 nucleotides in length. We conclude that we have isolated the entire coding sequence of Eomes since 30 min after fertilization (Gerhart et al., 1989) . Two to three hr after fertilization, a source of signaling is acquired by the 5Ј end of the cDNA contains stop codons in all three reading frames in front of the initiator methionine at nucleocells in the dorso-vegetal region of the cleaving embryo, the so-called Nieuwkoop center (Nieuwkoop, 1969; . tide position 145. The decoded protein is 692 amino acids long and contains 13 SPXX motifs (Suzuki, 1989) known Cells in this region emit a mesoderm-forming signal starting at the 250-cell stage and continuing until the early to occur with higher frequency in transcription factors than in most other proteins ( Figure 1A ). gastrula (Gurdon et al., 1985; Jones and Woodland, 1987) . Nieuwkoop or vegetal signals help to activate a When compared to other proteins, Eomes bears closest resemblance to the T-brain-1 (Tbr-1) gene (Bulfone et al., 1995) that has been cloned recently in mouse and human and is a member of the T-domain family of transcription factors. The longest stretch of similarity between Eomes and Tbr-1 begins at Eomes amino acid residue 215 (5 amino acids past the start of the T-domain) and, with the exception of amino acids 233 to 252, extends to residue 529 (60 amino acids beyond the end of the Eomes T-domain) ( Figure 1B ). These two regions are 38% and 75% identical (50% and 85% similar), respectively, between the two genes. A second region of about 90 amino acids in the C-terminal portion of Eomes (residues 604 to 692) contains 3 blocks of similarity (64%-77% similar) to sequences in the C-terminal domain of Tbr-1. The central T-domain region of Eomes (amino acids 210 to 469) also bears a similarity in amino acid sequence to another 20 previously described proteins, all belonging to the T-domain family of transcription factors. Among these, there is a 51%-81% similarity over sequences within the T-domain ranging from 66 to 171 amino acids in length ( Figure 1B ). The T-domain (DNA binding region) of Xbra has been shown to be 229 amino acids long (Xbra residues 1 to 229; Kispert et al., 1993) . When compared with other T-domain genes, the T-domain (hatched box in Figure 1B ) of Eomes appears to be longer than that of Xbra by 31 residues, as judged by the following three criteria: (1) the results of a BLASTP search (Altschul et al., 1990) ; (2) a "pileup" analysis (Genetics Computer Group, Inc., 1994) comparing Eomes to Tbr-1, to Xbra, and to Bra; and (3) a visual comparison of the Eomes T-domain to that of other known T-domain genes (Holland et al., 1995) . Further work will be required to determine more precisely the minimal DNA binding (T-) domain of Eomes.
When compared with most other T-domain genes (i.e., Xbrachyury, mouse Brachyury, Tbx2, sea urchin Bra, Trg, omb, F21H11.3, and chick Bra) , there are 4 blocks of sequence similarity to Eomes found within the T-domain of these other genes. These blocks correspond to 4 regions of at least 40% similarity between these genes and Eomes and are indicated in Figure 1B by 4 closed boxes within the T-domain of each of these genes. The remaining T-domain genes also (A) All three reading frames are closed preceding the putative initiator methionine at position 1. The region of similarity to other T-domain genes lies within the T-domain itself and is boxed. The polyadenylation signal sequence (AAUAAA) is underlined with a thin line. SPXX motifs are underlined with thick lines. (B) Eomesodermin is similar to other T-domain proteins within the T-domain itself. Outside of the T-domain, Eomes bears significant regions of similarity only to Tbr-1 and sea urchin Brachyury. Sequence matches were obtained using the BLASTP program (Altschul et al., 1990) at NCBI to search the available protein databases. Closed boxes indicate 40% similarity of nucleotide sequence to Eomes; shaded lines, no similarity. The Eomes coding region is shown (amino acids 1 to 692). The Eomes T-domain is indicated by a hatched box (amino acids 210 to 469). Small gaps have been allowed in order to maximize the similarity between genes. The largest gaps (24-39 amino acids) occur in the C-terminal regions of Tbr-1 and sea urchin (H. pulcherimmus) Bra and near the N-terminus of Caenorhabditis elegans (CE) T26C11, and are indicated in each case by a gap in the shaded line. have multiple blocks of similarity to Eomes within their Sia (peak at stage 9; Lemaire et al., 1995) by 2 hr. There is no detectable maternal content of Eomes mRNA as T-domains. Eomes therefore appears to be more closely related, evolutionarily, to Tbr-1 than to these other genes.
judged by Northerns ( Figure 2A , lane Egg) or by the more sensitive RNase protection analysis ( Figure 2B ). The amino-terminal (amino acids 1-252) and carboxyterminal (amino acids ‫)296-344ف‬ regions of Eomes bear
To assess the regional pattern of Eomes expression, in situ hybridization using a digoxygenin-labeled Eomes only short stretches of similarity to a few other genes ( Figure 1B ) other than the similarities mentioned above RNA probe was carried out on stage 10 embryos and is shown in Figure 3A . Stage 10 embryos were also between Eomes and Tbr-1. Eomes differs from Xbra most strikingly by its possession of 209 amino acids in probed for Xbra ( Figure 3B ) and gsc ( Figure 3C ) transcripts for comparison. These in situ hybridizations were front of the T-domain, a sequence entirely lacking in Xbra. We conclude that Eomes is a novel Xenopus gene carried out on 12 m sections, a procedure we favor in order to ensure equal access of the probe to all regions belonging to the T-domain family of transcription factors but related in only this region to Xenopus brachyury.
of the embryo Lemaire and Gurdon, 1994) . We have also carried out wholemount in situ hybridization according to standard procedures. The re-
Expression of Eomes in Normal Development
The Northern blot in Figure 2A (top panel) shows that sults are in agreement with those of section in situs. Eomes is expressed in normal stage 10 embryos as the Eomes gene encodes a ‫7.3ف‬ kb message that is activated at or soon after the midblastula transition an equatorial band in all mesoderm cells ( Figure 3D ). Its transcripts are present as a gradient increasing in (stage 8) and is strongly expressed at stage 10.5; its expression persists in stage 11 embryos and then deconcentration from the most ventral to most dorsal regions ( Figures 3A and 3D ). The details of Eomes RNA cays to barely detectable levels by stage 18. As a control, the same Northern was stripped and reprobed for distribution are best compared to those of Xbra, the earliest panmesodermal gene so far described (Smith et cardiac actin (middle panel) , which is first detected in this assay during stage 18; even by sensitive methods, al., 1991) . There are four main differences in expression pattern. First, although their domains of expression cardiac actin transcripts are not seen before stage 11 (Mohun et al., 1984; Cascio and Gurdon, 1986) . Ethidium overlap on the dorsal and ventral sides, Eomes shows a stronger and more widespread dorsal than ventral bromide staining of 28S rRNA is shown in the bottom panel to confirm that an equal amount of RNA (2 emexpression ( Figures 3A and 3D ), while the Xbra-staining cells are present in about equal abundance on dorsal bryos' worth) was loaded in each lane.
To determine more precisely the kinetics of Eomes and ventral sides. A second difference is that Eomes expression extends to all cells above the dorsal blastomRNA accumulation during the early stages of postmidblastula transition development, an Eomes RNase pore lip ( Figure 3A , small arrow), in contrast to Xbra, which is conspicuously absent in a band of cells just protection probe was prepared (see Experimental Procedures) and used in a protection assay for Eomes mesabove the dorsal lip ( Figure 3B , small arrow) ( Figure 4 of Smith et al., 1991) . A third difference is that Eomes, sage in embryo RNA of more closely staged Xenopus embryos. As shown in Figure 2B , the peak of Eomes but not Xbra, is expressed at stage 10 in the outer cells of the invaginating dorsal blastopore lip ( Figure 3A , large expression coincides with that of gsc (Cho et al., 1991) and Mix.1 (Rosa, 1989 ) at stage 10. The peak of Eomes closed arrow, Figure 3B ; Smith et al., 1991) . Fourth, Eomes stains the deeper cells of the mesoderm and expression precedes that of Xwnt8 (stage 10ϩ; Smith and Harland, 1991) , Xbra (stage 10ϩ to 11; Smith et al., may be expressed in some endodermal cells, especially on the dorsal side ( Figure 3A , open arrows), while this 1991), and chd expression (stage 11; Sasai et al., 1994) by 2-3 hr. Eomes appears to be expressed later than is not true of Xbra. 2 and 3 suggest that Eomes expression precedes that of other mesodermal genes thus far described.
Eomesodermin Transcription Is Inducible
Most Xenopus genes that are expressed in the early mesoderm can be induced to start transcription by the influence of several known growth factors. We now ask whether Eomes is inducible, and if so, how effectively by different factors.
To test the activation of Eomes by natural inducers, activin protein, a dorsal inducer, was able to strongly induce Eomes, and also Xbra, as seen by RNase protection ( Figure 4 , Act-pr). To determine the relative efficacy of dorsal versus ventral inducers, we compared the inFrom an analysis of alternate sections of a stage 10 embryo hybridized with Eomes or Xbra probes (data not ducing abilities of activin (Asashima et al., 1990; Smith et al., 1990; Thomsen et al., 1990; Sokol et al., 1991) , shown), it appears that all Xbra-expressing cells also express Eomes (although the converse is not true).
BMP4 (Dale et al., 1992) , eFGF (Isaacs et al., 1992 (Isaacs et al., , 1994 , and the competence modifier Xwnt8 (Smith and Harland, These results show that Eomes is more widely expressed in the mesodermal region of early gastrulae 1991; Sokol et al., 1991) using animal caps from mRNAinjected eggs and analyzed gene expression by RNase than Xbra. In conclusion, the data presented in Figures protection. Samples were frozen at stage 10 to coincide Xwnt8 . RNase protection analysis was performed at the equivalent of stage 10. Samples of pared with our findings for Eomes. Among these genes, activin behaves panmesodermally, inducing all except cells that were continuously dissociated contained little or no Eomes, Xbra, chd, or Mix.1 RNA, whereas Xwnt8 Sia (see ; Xwnt8, a competence modifier having a dorsalizing effect when overexpressed maand gsc were activated in the same samples to nearly the extent of normal embryos (data not shown). ternally, induces chd (G. Carnac, unpublished) and Sia ; eFGF, a more ventral mesoderm In summary, we find that Eomes is inducible in animal caps, both by a natural source of mesoderm inducers inducer, induces Xbra (Isaacs et al., 1994) ; and BMP4 induces the ventral and lateral genes Xwnt8 and Xbra and by exogenously added growth factors of ventral as well as dorsal inducing types. It is more strongly induced (Graff et al., 1994) and Mix.1 (Re'em-Kalma et al., 1995), but not gsc (Graff et al., 1994) , chd, or Sia (this work).
by dorsal than by ventral inducers. Eomes expression is an immediate response to induction and requires cell Compared to whole embryos and normalized to the level of signal from FGF-R mRNA, we found that Eomes contact for its activation in embryos. is induced most strongly in caps by activin, a dorsal inducer (Figure 4) . Eomes is also induced, though not Eomesodermin Induces the Expression so strongly, by BMP4, a ventral inducer belonging to of Other Mesodermal Genes the TGF␤ family. Eomes is apparently not induced by Our observation that Eomes reaches its peak expression eFGF or Xwnt8 in this experiment, although other experiwell before Xbra and in many of the same cells leads ments (this laboratory) have indicated that these factors us to ask whether Eomes expression is on the same can weakly induce Eomes relative to levels present in mesoderm-forming pathway as Xbra and other genes. normal embryos (data not shown). eFGF is expressed
We have tested this idea by ectopic expression or overpanmesodermally (Isaacs et al., 1994) and is a member expression of Eomes. For ectopic expression, we have of the FGF family of secreted growth factors, while used animal caps derived from eggs injected with Xwnt8 is expressed ventrally and is a secreted factor of Eomes mRNA. These were frozen at an early gastrula the wingless/int gene family. We conclude from these stage (stage 10) and then analyzed by RNase protection results that Eomes responds to both dorsal and ventral for expression of several mesodermal genes ( Figure 5A ). inducers but that it responds most strongly to a dorsalizWe found that Eomes induces Xwnt8, Xbra, chd, and ing induction.
Mix.1 (lanes ϩ) to a level comparable to that seen in whole embryos (lane WE) but does not induce the largely Eomesodermin Activation Is an Immediate-Early dorsal endodermal gene Sia (Lemaire et al., 1995) Figure 5B) show that there is a clear dose- Dassow et al., 1993) . Animal caps were treated with 20 response relationship, such that increasing doses of pM activin plus 5 mg/ml cycloheximide, following the Eomes progressively inhibit Xwnt8 and Xbra and induce method of Cascio and Gurdon (1987) , and assayed for the more dorsal genes such as gsc and Eomes itself. the presence of Eomes message by RNase protection.
We next asked whether ectopic expression of Eomes The results show that Eomes is activated by activin in in animal caps can induce the differentiation of mesoderthe presence of cycloheximide (not shown).
mal cell types. Animal caps containing Eomes mRNA When the same samples were probed for the RNA of were cultured to postgastrula stages and stained with other genes, gsc was increased after CHX (cyclohexiantibodies specific for muscle (Kintner and Brockes, mide) treatment (compared to untreated caps) and was 1984) or notochord (Smith and Watt, 1985) . We find that increased to the same extent by activin in the presence 18 ng Eomes mRNA nearly always induces muscle and of CHX, in agreement with previous findings (Cho et al., less frequently induces notochord, while 9 ng Eomes 1991). Xbra expression was largely but not fully actimRNA induces both muscle and notochord in most vated in the presence of both CHX and activin. We find, cases ( Figures 6A and 6B ). In contrast, Xbra mRNA inby comparison, that chd (Sasai et al., 1994 ) is reduced duces muscle and notochord much less frequently, in to 22% of normal by including CHX in the activin treatagreement with Cunliffe and Smith (1992) . Even 18 ng ment, in agreement with Sasai et al. (1994) .
Xbra mRNA gave notochord in only one out of 4 cases.
We next addressed whether Eomes is activated solely
Eomes therefore has a strong capacity to induce dorsal by a mechanism requiring mesoderm induction, as is cell types. Xbra, or whether the gene can be activated to a substantial extent in the absence of cell contact, as are gsc and
In view of the ability of Eomes to strongly activate Xbra in animal caps, we were interested to know if, conversely, Xbra is equally capable of activating Eomes. Toward this end, Xbra mRNA was injected into the animal pole in a standard animal cap assay, and the resulting injected caps were dissected at stage 8 or stage 9, cultured until stage 10, and then assayed by RNase protection for various gene transcripts. As shown in Figure 5C (and confirmed by phosporimager quantitation), Xbra weakly activates the transcription of Xwnt8 (this work) and Mix.1 (Rao, 1994) but has no effect on Eomes, gsc, chd, and Sia.
In conclusion, Eomes has a strong capacity to induce early mesodermal genes in animal cap experiments, and it does so in a concentration-dependent way. Conversely Xbra, in a similar test, does not induce Eomes. We have already pointed out that Eomes accelerates its expression earlier than other mesodermal genes. We therefore suggest that it is an early constituent of the normal mesodermal differentiation pathway.
Overexpression of Eomes Changes Mesodermal Cell Fate to a More Dorsal Level
To test further the idea that Eomes may be a major contributor to mesoderm differentiation, we injected different amounts of Eomes mRNA into the ventral equatorial region of eggs that were cultured as whole embryos. We asked whether the ventral mesoderm (normally fated to form blood, gut, etc.) and lateral mesoderm (fated for muscle) are raised to dorsal mesoderm expression (notochord). As controls we used either Xbra or ribosomal RNA (rRNA).
Figures 6C-6F show the effects of ventrally injected Eomes RNA. Two hundred picograms induces a low but significant level of ectopic gsc expression in the ventral mesoderm at stage 10 ( Figure 6C ). With 5 ng Eomes RNA, the dorsal and ventral levels of gsc staining are about equal ( Figure 6D ), and 18 ng induces a massive ectopic expression of gsc ( Figure 6E ). Furthermore, Eomes also causes the formation of a partial secondary axis in 4 out of 24 (17%) embryos injected ventrally with 2 ng RNA and in 10 out of 15 (67%) embryos injected with 18 ng ( Figure 6F ). None of the 18 ng Eomes-injected embryos showed inhibited gastrulation.
In contrast to the results with Eomes, neither 5 nor 18 ng of Xbra injected ventrally gave any gsc expression axis. We conclude that Eomes can change cell fate by dorsalizing ventral mesoderm in a concentration-depenaccord with the Xbra construction of Conlon et al. (1996) , we have fused the Engrailed repressor sequence to the dent way and suggest that Eomes expression may be part of the normal process by which mesodermal deriva-T-domain of Eomes. mRNA from this construct was injected into the equatorial region of all four cells of fourtives are formed.
cell embryos. All of the resulting embryos arrested development during gastrulation, and most formed severe Eomes Is Necessary for Early Development To find out whether Eomes has an essential role in Xenoexogastrulae ( Figure 7A and 7B), whereas other eggs injected with the Engrailed repressor alone developed pus mesoderm formation, we have tried to inactivate Eomes function in normal embryos. For transcription normally ( Figure 7C ). Arrested exogastrulae of the kind seen in Figure 7B were seen by RNase protection to factors, the most successful way of reducing or eliminating their activity in Xenopus seems to be the use of the have a greatly reduced content of muscle actin in a dose-dependent manner ( Figure 7D ). Neural markers Drosophila Engrailed repressor (Han and Manley, 1993) attached to the DNA binding domain of the factor in (not shown) were either nearly unchanged (Xlhbox6) or increased (XIF3, XIF6), consistent with the idea that neuquestion. This procedure has recently been introduced in Xenopus by Conlon et al. (1996) for Xbrachyury. In ral differentiation may represent a default or alternate scription in midblastulae, this is at a very low level and may not be developmentally significant. It was shown several years ago that 5S oocyte genes start to be trandifferentiation pathway to mesoderm (Hemmati-Brivanscribed at stage 8, but their transcription is shut off lou and .
shortly after this (Wakefield and Gurdon, 1983 ; WorTo test the specificity of the Eomes-Engrailed treatmington and Brown, 1983) and these genes remain perment, we asked whether it can inhibit the expression manently repressed in all subsequent somatic cells of Eomes more than Xbra and likewise whether Xbra- (Brown, 1984) . Also, Rupp and Weintraub (1991) deEngrailed inhibits Xbra more than Eomes. Using equatotected MyoD transcription in late blastulae by RT-PCR, rial embryo injections, we found that Eomes-Engrailed but this was at a very low level and in all regions of the inhibited Eomes transcription by about 2-fold but had embryo. Only 1-2 hr later did MyoD transcription rise little or no effect on Xbra expression (Table 1 ). In consubstantially and was now restricted to the future mustrast, Xbra-Engrailed reduced Xbra expression by 5-to cle cells. We therefore suggest that a high rate of transcription of an early gene may be more important than 10-fold and increased Eomes expression by 2-fold (Taa low level of initial transcription in midblastulae. Acble 1). The observation that Xbra-Engrailed inhibits Xbra cording to this view, Eomes is the earliest significant expression, but not Eomes expression, is consistent transcription of mesoderm-specific genes, reaching its with the fact that Xbra can induce itself, but not Eomes.
peak expression at stage 10, at the same time as the These results support the view that the Engrailed fusion dorsal mesodermal gene gsc and the endodermal gene constructs have some specificity in their inhibition of Mix.1, and 2 hr before Xbra. Eomes and Xbra expression.
The effect on early genes of overexpressing our Engrailed repressor fusion constructs, although signifiOver-and Underexpression cant, was surprisingly small given the severe exogas-A valuable guide to gene function in Xenopus developtrula phenotype of such embryos at later stages. This ment is provided by mRNA injection experiments. Confiis likely due to the fact that many of these early genes dence in the interpretation of these comes from the are activated in an immediate early fashion, in the abobservation that blastula animal caps containing mRNA sence of protein synthesis. Consistent with this idea is of an early-expressing gene are induced to express our observation that early gene expression appeared to downstream genes on the same pathway but not upbe more affected at stage 11 by our Engrailed constructs stream or inappropriate genes. For example, animal than at stage 10 1 ⁄4. MyoD expression is wholly depencaps injected with Xbra are induced to transcribe ventral dent on protein synthesis and is therefore a better genes such as Xhox3 and Xsna, but not the dorsal gene marker gene to use in assessing any early effects. As gsc (Cunliffe and Smith, 1994) . shown in Figure 7E (first column), Eomes-En R expression We have employed two kinds of mRNA injection exin the dorsolateral equatorial region of the mesoderm periments. In one we have asked whether the supply of completely blocks both the formation of axial structures Eomes mRNA in the ventral mesoderm can induce genes ( Figure 7E , top row) and MyoD expression (middle row) whose normal expression is restricted to the dorsal in explants assayed at stage 16. Axial structures and mesoderm. gsc, the earliest dorsal mesoderm gene, is MyoD expression are rescued by coinjection of wildvery strongly induced by Eomes in ventral mesoderm. type (wt) Eomes message ( Figure 7E , middle column),
In addition, we employed ectopic mRNA injection into while Eomes alone at the same dose used in the rescue animal caps as a more demanding test of gene-activat-( Figure 7E , last column) does not appreciably change ing ability, since mesodermal genes are not normally the amount of MyoD seen in uninjected controls (not expressed in this region. Eomes mRNA induced all meshown). We did not observe rescue with another Xenosodermal genes that we tested; in particular, it induced pus T-domain gene, namely Antipodean (Stennard et Xbra strongly, but was not itself induced by Xbra. Eomes al., in press). Since Eomes message can reverse the therefore has the inducing activity of a key early mesoEomes-En R induced phenotype and rescue normal difderm-forming gene. ferentiation in these explants, we conclude that our EnTo ask whether Eomes is necessary as well as suffigrailed construct specifically blocks Eomes function in cient for mesoderm formation, we have employed the Conlon-Smith (1996) procedure, which appears to be vivo. when the cell cycle lengthens with the appearance of the G1 and G2 phases (Newport and Kirschner, 1982a,
RNase Protection Analysis 1982b). This early transcription needs to be enhanced
RNase protection assays were performed as previously described and established if it is to have any developmental im- (Krieg, 1991) . Three to ten animal caps were pooled for each assay. Quantitation was done using a Molecular Graphics PhosphorImager pact. For early mesodermal genes this would be and ImageQuant software.
achieved by molecules emanating from the vegetal reAntisense RNA probes for Xbra, gsc, Mix.1, Sia, and the FGF gion of the egg. We see Eomes as the first panmesoderreceptor were prepared as in Lemaire et al. (1995) , for Xwnt8 as in mal response to vegetal signaling, with expression Lemaire and Gurdon (1994) , and for cardiac actin as in Gurdon et throughout the mesoderm in a dorsal-to-ventral concenal. (1985) .
tration gradient. Soon after this, other immediate early of Eomes and its strongly activating effect on other mesite and transcribed using SP6 polymerase. The Xbra expression sodermal genes is likely to be important in elucidating construct, psp64RN3XbraR (P. Lemaire, unpublished) , was subthe whole mesodermal differentiation pathway.
cloned by taking the Xbra coding region from psp73Xbra (a gift from
The relationship of Eomes and Xbra in mesoderm difDr. J. Smith et al., 1991) . For capped sense RNA, it was ferentiation is reminiscent of that of the Xenopus myolinearized at the SfiI site and transcribed using T3 polymerase. The genic genes (Hopwood et al., 1991; Gurdon et al., 1992) .
activin expression construct, psp64T Activin ␤b (Thomsen et al., 1990) , was a gift from Dr. D. Melton. For capped sense RNA, it was
Xmyf5 is activated and switched off slightly before linearized at the EcoRI site and transcribed using SP6 polymerase.
XMyoD, and the pattern of transcription of these two
The expression construct for Eomes, named pEomes/RN3-3, was genes is strongly overlapping but not identical. The inprepared by excising the 2900 bp Eomes cDNA from the plasmid jection of XMyoD RNA to animal caps causes activation p113-5/R1N1 (EcoRI plus NotI), and recloning it in pBluescript RN3 of its own transcription and that of Xmyf5. In mice, a (Lemaire et al., 1995 scription (see review by Rudnicki and Jaenisch, 1995) .
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